Management evaluation of Panicum maximum cv. massai (Massai guineagrass) under deferment contributes as a strategic reserve of forage in the Brazilian semi-arid region. The objective of this study was to evaluate biomass production and nutritive value of massai guineagrass in an area of thinned caatinga vegetation in two deferment periods (60 and 90 days after plot-leveling cut) and four use periods (30, 60, 90 and 120 days after the end of the rain season), in a random blocks design arranged in a split-plot (2 × 4), with three replications. Extending the deferment period of massai guineagrass promoted elevation of the biomass components, but compromised the pasture quality due to increasing stem biomass. The massai guineagrass deferred 30 days after raining season started and should use 90 days after raining season ended to ensure a forage supply of appropriate nutritional value. The increase in relative air humidity and the occurrence of rainfall after water restriction stimulate regrowth, resulting in improved nutritional value of the grass.
Introduction
The production of forage plants in the semi-arid region is seasonal as a result of the short rainy period and the long dry season. In arid and semi-arid regions, during eight months of dry period on average, the roughage source available to ruminants consists basically of leaves fallen from the trees and bushes. However, it is found in insufficient amounts to maintain the production levels or even the maintenance of flocks.
Some management actions can be adopted to reduce the negative effects of forage of low quantity and poor quality in the dry season. Deferment is a management alternative that postponement of grazing or harvesting a specific management objective is regarded as an accumulation of forage for later use [1] . Pasture deferment, for example, emerges as a feasible alternative for using in semi-arid regions due to its low cost and ease adoption. This technique consists of reserving a given area during the rainy season, allowing the accumulated forage to be used during the dry period.
Santos and Cavalcante [2] stated that the most suitable forage plants for deferment were those which presented low stem accumulation and good retention of green leaves, resulting in lower reductions in nutritional value over time. There are few options of exotic forage plants to be used under deferment in the semi-arid region. Plant breeding has generated new options of plants with potential use in this environment. As is the case of massai guineagrass (Panicum maximum cv. massai), a Panicum cultivar released in 2001, which has shown adaptability to water stress, lower production seasonality, high green mass production and high leaf/stem ratio [3] .
During the rainy season, in areas of natural pastures, animals choose to consume the native forage first. The enrichment of these areas with cultivated grasses makes them an option of strategic reserve to be consumed in the rainy season. However, for the best utilization of this forage resource, it is necessary to better determine the deferment and utilization periods of this grass, aiming at greater forage quality and quantity. Thus, the objective of this study was to determine the best times for deferment and use of the massai guinaegrass in a thinned-caatinga vegetation under the soil and climate conditions of the Brazilian semi-arid region.
Material and Methods
The experiment was conducted in an area of thinned and enriched caatinga with massai guineagrass (Panicum maximum cv. massai) at Embrapa Caprinos e Ovinos, in Sobral, Ceará, Brazil). The experimental area comprised 552 m 2 , at an altitude of 159 m, located at 35˚10'29" south latitude and 95˚83'98" west longitude. The region has a hot semi-arid climate BShw' type, according to the Köppen classification, with average annual precipitation of 750 mm and the soil is classified as Luvisol [4] .
The upper 0 -0.2 m layer of the soil was sampled for analysis of fertility, and the results indicated adequate levels of P, K, Ca and Mg, requiring only application of 100 kg −1 urea, as production fertilization. Precipitation, maximum and minimum temperature and relative air humidity climate data recorded during the experimental period are presented in Table 1 .
The experimental period was from February 2 to October 31, 2011. A plot-leveling cut was performed 15 cm above the soil level 30 days after the beginning of the rainy season. Two deferment times were evaluated: 60 and 90 days after the plot-leveling cut, which composed the plots, and four utilization periods (30, 60, 90 and 120 days after the end of the rainy period), which were the sub-plots. The experiment was set in a randomized-blocks design in a split-plot arrangement, with three replications.
For each deferment and utilization period, the following pasture structural characteristics were evaluated: masses of forage and its morphological components, dry masses of total forage (TFDM), dead forage (DFDM), green forage (GFDM), green leaf blades (LBDM) and green stems (GSDM), live/dead material ratio (LM/DM) and leaf/stem ratio (L/S).
For every cut, both in deferment and under utilization, two 1 m 2 frames were cast over the area and the forage within it was collected. A sub-sample of each frame containing approximately 300 g of fresh mass was separated into live and dead material; the former was fractioned into leaf blades and stems. All of these fractions were placed in a forced-ventilation oven at 55˚C until reaching constant weights. Knowing the proportions of the morphological fractions in the green sub-sample and its respective percentages of dry matter, the biomass was estimated. For the times of use, the production of lodged forage was quantified and the cut was performed distinguishing the two fractions (lodged and non-lodged forage). The pasture height (PH) was measured before each cut of the different deferment periods, utilizing a sward-stick. Tiller density (TD) was counted manually with a 0.25 m 2 frame. The number of live leaves per tiller was obtained by counting the number of live leaves in twenty tillers randomly chosen per treatment.
Intercepted photosynthetically active radiation (IPAR) and leaf area index (LAI) data were also measured with Accupar LP-80
The chemical composition was determined in the samples of massai guineagrass, for the deferment and utilization periods. These leaves were ground through a 1 mm sieve and prepared aiming at quantification of the dry matter (DM) contents at 105˚C; mineral matter, for the calculation of organic matter; and crude protein, according to the methodology described by Cunnif [5] , and in vitro DM digestibility (IVDMD) according to Tilley & Terry [6] [7] . To quantify the neutral detergent fiber (NDF), acid detergent fiber (ADF), cellulose, hemicellulose and lignin, the methodology proposed by Van Soest et al. [8] was used.
Results obtained were subjected to variance analyses by F test, and when significant for the plots, deployment was performed by applying Tukey's test of means (p < 0.05) and regression analysis for the sub-plots and for the interaction. The statistical analyses were conducted on SAS software [9] .
Results and Discussion
The deferment period had a significant effect on TFDM, GFDM, LBDM, GSDM, DFDM and L/S; the highest values were obtained in deferment at 90 days, with production of over 3300 kg TFDM ( Table 2) . This value is similar to that obtained by Moreira et al. [6] with buffel grass, which is the most recommended grass for cultivation in the semi-arid region.
It is important to highlight that almost 2000 kg of the TFDM produced at 90 days consisted of green material, and less than 10% were stem. Working with buffel grass in a similar trial, Sanchez et al. [10] obtained production of 151 kg DM per hectare of leaf, and 147 kg DM of stem. The leaf:stem ratio of the massai guineagrass was 7.3, whereas that of buffel grass was 1.0 in similar management.
The deferment period × utilization period interaction had a significant effect (p < 0.05) on variables TFDM, GFDM, LBDM, GSDM, DFDM and L/S (Figure 1) . Maximum total forage production (3901 kg/ha) was estimated in the deferment period of 90 days with utilization at 71 days.
For GFDM and LBDM, at 60 days, the model that best fit was the decreasing linear. The greatest estimated productions were 1797.5 kg/ha GFDM and 1681 kg/ha LBDM at 30 days of use. At 90 days it had showed a quadratic trend with a production peaks of 2486 kg/ha GFDM at 49 days of use and 2308 kg/ha LBDM at 33 ns ‡ TFDM (total forage dry mass), GFDM (green forage dry mass), LBDM (green leaf blades dry mass) GSDM (green stem dry mass), DFDM (dead forage dry mass), L/S (leaf/stem ratio), PH (pasture height), L/T (number of live leaves per tiller), TL (tiller density), IPAR (intercepted photosynthetically active radiation), LAI (leaf area index). days of use. The reduction in LBDM after 33 days is probably due to leaves senescence and increase in dead material ( Table 2) . Leaf blade dry mass is of great importance, since it is the most chosen portion by grazing animals [11] ; thus pasture management must seek the greater leaf production.
Green stem dry mass (GSDM) did not show differences when there was deferment at 60 days (Figure 1(D) ). At 90 days of deferment, a quadratic behavior was observed for this variable; maximum production of stems (344.19 kg/ha) was estimated at 86 days of use. Although the production of stems after this period reduced, it is important to remember that leaf production decreases linearly (Figure 1(C) ), so pasture utilization is not recommended after 86 days.
Dead forage dry mass (DFDM) showed the same quadratic behavior (p < 0.05) for the deferment periods of 60 and 90 days (Figure 1(E)) ; the highest accumulations of dead material were 1211.32 and 1989.7 kg/ha for 60 and 90 days of deferment, respectively, at 100 days of use. It is likely that after values close to the critical LAI were reached, the loss by leaf senescence intensified, which is a common fact at the final growth phase of grasses kept in regrowth for a long period [12] .
The leaf/stem ratio (L/S) showed a quadratic behavior for the deferment time of 60 days, with maximum ratio estimated at 54 days of use, whereas at 90 days of deferment, this variable showed decreasing linear trend (p < 0.05), in which, for every day of growth of the massai guineagrass, there was a decrease of 0.37 in the L/S ratio (Figure 1(F) ). This structural characteristic of massai guineagrass followed the same trend of the leaf component (Figures 1(C) and (D) ), which is more important than the stem. The relative diminution of the availability of leaves affects the animal intake and consequently its performance [13] [14] .
Studying the chemical composition of forage plants is essential to provide subsidies to define an appropriate concentrate and/or roughage supplementation [15] , specially deferred forages given that tend to present lower nutritional value.
The time of utilization had a significant effect on the dry matter content, showing a quadratic behavior with maximum accumulation of dry matter at 97 days of utilization ( Table 3) .
There was significant interaction (p < 0.05) between deferment and utilization periods of the deferred massai guineagrass leaves for crude protein (LCP) and leaf in vitro dry matter digestibility (LIVDDM) (Figure 2) .
Out of expected, crude protein contents presented a quadratic behavior with minimum values at 88 and 122 days of use of the deferment periods of 60 and 90 days, respectively (Figure 2(A) ). Despite this reduction, none of the values was lower than 7%, which is the minimum quantity of CP for good ruminal functioning ( VAN SOEST, 1994 ). This odd adjustment was not expected, since these values actually tend to reduce linearly. It must happened probably due to an atypically rainy period recorded in October (Table 1) allowing the grass to rapidly regrow. Characteristics like that are desirable for using it in semi-arid environment with low rain precipitations. : Not significant and significant at 5%, respectively. DM (dry matter), OM (organic matter), CP (crude protein), NDF (neutral detergent fiber), ADF (acid detergent fiber), HCEL (hemicellulose), CEL (cellulose), LIG (lignin), IVDMD (in vitro dry matter digestibility).
1 Coefficient of variation of the plot. 2 Coefficient of variation of the sub-plot. The in vitro dry matter digestibility decreased linearly (p < 0.05) as the period of utilization advanced (Figure  2(B) ). The increase that occurred in the CP contents during the utilization period was not sufficient to change the IVDMD. Studies have indicated a relationship between increase in cell wall components and reduction of digestibility in deferred grasses [14] [16] . However, in our study, there was no significant increment in the fiber contents in the leaf component ( Table 3) . It is likely that the reduction in digestibility is more closely related to the types of cell-wall-forming tissues than to the quantity of fiber it contains [17] .
Derrefed grass should not have a digestibility lower than 50%, which characterizes low-quality roughage and compromises animal performance [18] . Under such conditions, the use of deferred massai guineagrass in the period of 60 and 90 days must occur before 31 and 48 days, respectively. The drop in digestibility at the end of the utilization period to values around 27% in both deferred pasture periods compromises massai guineagrass quality. Unfortunately, for the most utilized grasses in the semi-arid, as is the case of buffel grass, these values have not exceeded 50% [2] even on deferred pastures in shorter intervals.
Lodging was a remarkable characteristic of the massai guineagrass. This fraction composed mainly of leaves, still being consumed by grazing animal. Utilization period decreased NDF, ADF, CEL and IVDMD (p < 0.05) (Figure 3) . For CEL and IVDMD, the decrease was linear, and for ADF, the reduction was quadratic, with its minimum at 93 days of utilization.
The inverse relationship between components NDF and IVDDM of the lodged forage illustrates what happens most of the times when the forage is not harvested at its best nutritional value: the fibrous components tend to increase, thereby reducing the forage digestibility.
Conclusion
It is suggested that we should utilize massai guineagrass as the choice of forage deferred use in semi-arid region due to its biomass accumulation properties and chemical composition. It is recommended to defer the forage 60 days after the beginning of the rainy period and use it 30 days after the end of the rainy period. Later deferment, at 90 days, also enables later use of the storage forage, around 50 days after the end of the rainy period.
